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Description 

The invention relates to a semiconductor device 
having a semiconductor ix)dy comprising a sur- 
face-adjoining first region of a first conductivity 
type In wiiich an irssuSated gate field efiect tran- 
sistor is provided, having Siighty doped source 
and drain zones of the second, opposite conduc- 
tivity type, a surface zone of the second conduc- 
tivity type adjoining the drain zone and Tiaving a 
low/er doping concentration than the drain zone, 
said surface zone extending in the direction of the 
source zone, a channel region of the first conduc- 
tivity type p,'essnt between said surface zone and 
the source zone, and a gate electrode present 
above the channel region and separated from the 
channel region by an electrically insulating layer, 
a field plate being provided between the source 
and drain zones and extending in the direction of 
the drain zone to above the said surface zone but 
not to above the drain zorie and being insulated 
from the semiconductor surface, the said field 
plate having a connection conductor. 

A semiconductor device of the kind described in 
the opening paragraph is known from Nether- 
lands Patent Application No. 7713333 laid open to 
public inspection. 

In order to increase the drain breakdown volt- 
age of insulated gats field effect transistors, 
various measures have been suggested in the 
course of time, the object of ail of which is to 
reduce the field strength at or near the surface in 
those places where there exists a danger of the 
occurrence of avalanche breakdown. 

As a first measure it has been suggested to 
provide between the gate electrode and the 
highly doped drain zone a surface zone of the 
same conductivity type as and a lower doping 
concentration than the highly doped drain zone, 
which siirface zone adjoins tha drain zons, and 
betwesn She source and drclr, zones is sub- 
stantialiy evervwhers thinner than the drain zone, 
From a given drain voltage (that is to say the 
voltage between the source and the drain zone) 
said surface zone is pinched off so that the surface 
field strength on the side of the drain zone is 
reduced and the drain breakdown voltage is 
increased. 

An improvement of this structure by which 
disturbing influences of electrk charges formed 
on the Insulating layer are reduced is achieved by 
providing a field plate which is preferably con- 
nected to the source electrode and which extends 
to above the surface zone but at a distance from 
the highly doped drain zone. However, undeslred 
instabilities may occur as a result of charge 
fluctuations on the uncovered part of the insulat- 
ing layer present between the field piate and the 
highly doped drain 2one. 

In the above mentioned Netherlands Applica- 
tion 7713333 it Is suggested, to prevent said 
instabilities, to provide a region of the same 
conductivity f/pe between the said surface zone 
and the highly doped drain zone the doping 
concentration of which is between that of the 
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drain zone and the said surface zone. The field 
plate extends up to above the said intermediately 
located region. As a result of the higher doping 
concentration of said intermediate region it is not 

5 . pinched off and exerts no influence on the series 
resistance of the field effect transistor, while it is 
also less sensitive to the said charge fluctuations. 

Although high drain breakdown voltages can 
be reached in this manner, tha addition oi such an 

w extra intermediate region meets with dis- 
advantages. For example, an extra doping step is 
necessary at any rate, which is technoiogicaiiy 
complicated. 
One of the objects of the invention Is to provide 

IS a semiconductor device having a neld effect 
transistor of a new structure with a high drain 
breakdown voltage and stable electric properties 
and which can be used advantageously in inte- 
grated circuits and is suitable in particular for use 

20 in circuits in which the source and drain zones 
have a high voltage relative to the substrate, for 
example in source follower circuits, 

The invention is inter alia based on the recogni- 
tion of the fact that this object can be achieved by 

26 means of a structure in which the said surface 
zone Is pinched off progressively on two sides, 
that is to say from the top and bottom sides, when 
the drain voltage increases, 
A semiconductor device of the kind mentioned 

30 in the opening paragraph is characterized accord- 
ing to the invention in that the first region is an 
epitaxial layer forming with a substrate of the 
second conductivity type a p-n junction which 
inoperation is reverse biased, that a buried layer 

3S of the first conductivity type having a higher 
doping concentration than the epitaxial layer is 
provided between said epitaxial layer and the 
substrate and below at least the channel region 
and 3 part of the surface rone, said buried layer 

40 not extending below the drain zone, and that the 
field plate extends above the surface zone on 
insulating layer parts of 3 thickness increasing in 
the direction of the drain zone as a result of which 
in the direction of ths drain zone successive parts 

45 of the surface zone are successively pinched off 
when the drain voltage srscrsases, 

In the semiconductor device according to the 
invention a progressive, phased, two-sided deple- 
tion of said surface zone is obtained in the 

50 direction from ths source zone to the drain zone 
when the drain voltage increases. This phased 
rwo-sidss depletion occurs between the epitaxial 
layer and the field plate and can be obtained even 
when only one surface zone is used, which can be 

5S manufactured in one single doping step. Further- 
more, due to ths presence of the buried layer, the 
field distribution is favourable infiuenced by 
reduction of the surface field strength. 
It Is to be noted that field plate as meant in this 

50 Application may consist of one single conductive 
layer or of mutually separated subfield pistes 
v^hich, if required, may each individually be con- 
tacted. 

According to an important preferred embodi- 
ss ment the epitaxial layer has such a small doping 
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concentration and thickness that at least near the 
drain zone it \s depleted throughout its thickness 
at a drain voltage which Is lower than the drain 
breakdown voltage, all this according to the so- 
called "RESURF" principle as described inter alia 
in Philips Journal of Research, Vol. 35, 1980 pp, 1- 
13. With this construction the highest breakdown 
voltages are reached. 

The field plate is preferably spaced from the 
highly doped drain zone In order lo avoid break- 
down betiiveen field plate and drain zone via the 
insulating layer. The fieid plate is preferably 
electrically connected to the source electrode or 
to the gate electrode. 

The thickness of the isolating layer on which the 
field plate is present may increase continuously in 
the direction of the drain zone. According to a 
third embodiment said thickness increases step- 
wise. 

In order to increase the drain breakdown volt- 
age the highly doped drain zone may be embed- 
ded in 8 part of the lower doped surface zone. As 

a result of this the influence of the edge curvature 
of the highly doped drain zone decreases. 

In order to better contrc! the phased depietion 
the doping conosntration rnay increase from the 
surface zone in the direction of the drain zone, 
although techotogicaliy this is slightly more com- 
plicated. A further measure to increase the break- 
down voltage may be that the drain electrode 
extends in the direction of the source zone to 
above the surface zone and thus serves as a fieid 
electrode. For a good operation of the device the 
source zone should have a potential which Is 
substantially equal to Chat of the epitaxial layer 
although a difference of a few volts Is acceptable. 
Preferably, however, the source zone is electric- 
ally connected to the epitaxial layer. 

The invention will be described in greater detail 
with reference to a few embodimersts and the 
drawing, in which 

Figs. 1, 2 and 3 are diagrammatic cross-sec- 
tional views of various embodiments of a semi- 
conductor device according to the invention, 

Figs. 4 and 5 are diagrammatic cross-sectiona! 
views of integrated circuits in which the invention 
is used. 

Figs. 6A and 6B show possible circuit diagrams 

comprising a semiconductor device according to 

the invention. 

Fig. 7 is a diagrammatic plan view of a semicon- 
ductor device in accordance with the invention, 
and 

Fig. 8 is a diagrammatic cross-sectionai view 
taken on the line yiil-VII! of Fig. 7. 

Ths figures are purely diagrammatic and are 
not drawn to scale. This applies in particular to 
the direction of thickness. Corresponding parts 
are generally referred to by the same reference 
numerals. Semiconductor regions of the same 
conductivity type (with the exception of gate 
electrodes consisting of poiycrystalllne silicon) 
are shaded in the same direction in the cross- 
sectional views, In the plan view of Fig. 7 the 
metal layers are shaded. Rg. 1 Is a diagrammatic 
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cross-sectional view of a part of a semiconductor 
device according to the invention. The device 
comprises a semiconductor body 1, in this 
example of silicon, having a region 3 of a first 

s conductiv!^/ f/pe, in this case the n conductivity 
type, which adjoins a surface 2 and in which an 
insulated gate field effect transistor is provided. 
The field effect transistor comprises highly doped 
source and drain zones 4 and 5 of the second 

10 opposite conductivity type, so In this example of 
the p-type. Furthermore a surface zone 6 of the 
second p-conductivity type adjoining the drain 
zone 5 is present having a lower doping concen- 
tration than the drain zone 5. The surface zone 6 

IS extends in the direction of the source zone 4. 
Between said zone 6 and the source zone 4 the n- 
type channel region 7 of the fieid effect transistor 
is present which forms part of the region 3. Above 
the channel region 7 is present a gate electrode 8 

20 of the field effect transistor, which gate electrode 
is separated from the channel region 7 by an 
electrically insulating layer, in this example a 
silicon oxide iayer 9, The gate electrode 8 in this 
example is of poiycr^/staiiine silicon, but may also 

25 be of metal. 

A conductive field plate 10, in this example a 
metal layer, Is provided between the source and 
drain zones 4 and 5 and extends in the direction of 
the drain zone 5 to above the surface zone 6 but 

30 not to above the drain zone 5. The field plate 10 Is 
insulated from the semiconductor surface 2 and is 
connected via a metal iayer 18 to such a potential 
that the zone 6 is depleted from above when the 
drain voltage increases. In this example this 

35 purpose is achieved in that the field plate 10 is 
connected to the source electrode 16 via the metal 
layer part 18. The source electrode Is connected to 
the region 3 via a highly doped contact zone 14. 
According to the Invention the first region 3 is 

40 formed by an epitaxial iayer which Is present on a 
substrate 11 of the second, so in this case p- 
conductivlty type and forms therewith ap-n junc- 
tion ¥>rhich in the operating condition is reverse 
biased. Between the epitaxial layer 3 and the 

4S substrate 11, and below the source zone 4, the 
channei region 7 and a part of the surface zone 5 
there is a buried layer 12 of the first conductivity 
type, so in this example of the n-conductivity 
type, having a higher doping concentration than 

50 the epitaxial iayer 3. The buried layer 12 does not 
extend to below the drain zone 5 and in this 
example is spaced from the drain zone 5, Further- 
more the field plate 10 according to the invention 
extends above the surface zone 6 on Insulating 

65 layer parts {ISA, 13Bj of a thickness increasing in 
the direction of the drain zone 5. As a result of 
this, with increasing values of the drain voltage, 
successive parts (s, b, c;) see fig. 1 of surface zone 
6 are successively pinched off in the direction of 

60 the drain zone 5. As a result of this phased 
depletion the fieid distribution is influenced so 
that the field strength at the surface 2 is optimally 
reduced. As a result of this, higher drain break- 
down voltages can be realized than In the known 

65 "extended drain" fieid effect transistors as 
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described in the said hfstheriands Patent Appiica- 
tion 7713333. On the other hand, for the same 
drain breakdown voitage, a higher doping of the 
zone 6 may be used than in the known structure. 

The field effect transistor structure may have 
various constructions. For example, fig. 2 is a 
diagrammatic cross-sectiona! view of a modified 
embodiment in which the fieid plats 10 extends 
over the oxide 13 in three steps 13A, B and C and 
In which the highly doped drain zone 5 is embed- 
ded in the surface zone 6, which further increases 
the drain breakdown voltage. For this purpose the 
drain electrode 15 in figs. 1 and 2 which extends 
as a field electrode in the direction of the source 
zone 4 to above the surface zone 6 also 
cooperates. 

As shown In figs. 1 and 2 the field plate 10 Is 
preferably not extended to above the drain zone 6 
but is spaced therefrom, since otherwise break- 
down might occur between the fieid plate 10 and 
the drain zone 5 vie the insulating layer 13. 

The field plate 10 need not be connected to She 
source electrode 16 but, for Bxampie as shown in 
fig. 3, may be connected irsstead thereof to the 
gate electrode 8. It is of irf.po.taiics tfiat the 
operating condition the potentiais of the fieid 
plate 10 and of the epitaxial layer 3 on both sides 
of the surface zone 6 should have the same sign 
relative to said zone so that the zone 6 is two- 
sided depleted when the drain voitage increases. 
In order to achieve this the fieid plate 10 may also 
bs connected, if desired, vis a separate connec- 
tion conductor to a suitable potential. The field 
plate may also consist of separated sub-field 
plates which are each on a different oxide thick- 
ness and are each individually connected to a 
desired potential. 

Although in figs. 1, 2 and 3 the thickness of the 
insulating layer 13 on which the field plate 10 is 
present increases stepwise in the direction of the 
drain zone, this need not be the case. The thick- 
ness of the insulating layer 13 may also increase 
gradually in the direction of the drain zone, 
although technologically this is less simple to 



Ths endeavoured increase of the drain break- 
dowTi voitage is optimaiiy realised when the 
epitaxial layer 3 has such a small doping concen- 
tration and thickness that at least near the drain 
zone it is depleted throughout its thickness at a 
drain voitage which is lower than the drain break- 
down voitage. For this purpose a doping in the 
order of magnitude of 101" doping atoms per 
cnri^ over the thickness of the layer 3 is generally 
necassary. By means of this technique virhich is 
described slaborately in the already mentioned 
articles by Appeis et a! in Philips Journal of 
Research, Vol. 35, no. 1, 1980, pp. 1-13 and which 
is known as "RESURF" (Reduced Surface Field) 
technique, a comparatively thin epitaxial layer 3 
may also be used for high drain breakdown 
voltages. 

The surface zone 6 may have the same doping 
concentration everywhere in the direction from 
the source to the drain zone, that is to say the 



same doping profile in the direction of thickness. 
In certain circumstances, however, it may some- 
times be preferable to cause the doping concen- 
tration to increase in the direction of the drain 
zone as a result of which an extra possibility is 
obtained of controlling the said phased depletion 
of the jone 6, 

The field effect transistor structure according to 
the invention Is particularly suitable for use in a 
process in which a fieid effect transistor of the 
complernentary type is also realised. This is 
shown in Fig. 4 which is a cross-sectiona! view of 
a pa.t of an integrated circuit. In a first isiand- 
shaped part 3A of the epitaxisi layer 3 a field 
effect transistor is present having a construction 
according to the invention and shown here sym- 
metrically around the drain zone 5. Corre- 
sponding parts in figs, 1 to 4 are referred to by the 
same reference numerals. In an adjacent second 
island-shaped pari 3B of the epitaxial layer is 
present an n-channel field effect transistor which 
is complementary to the first fieid effect transistor 
of the p-ohannel type, in this example in the form 
of a so-called lateral D-WOST having an n-type 
source zone 20, an n-type drain zone 21, a gate 
electrode 22 end a p-type channel region 23. 
When the epitaxial layer 3 satisfies ths RESURF 
condition, this D-MOST is also suitable fur hiah 
voltages, TTiis field effect transistor is constructed 
symmetrically around the source electrode 26. 
The Islands 3A and 3B are separated from each 
other by p-type separation diffusions 24 to which 
thin lower doped p-type extension zones 25 have 
been added in this example. These serve for. the 
depletion of the layer 3 near the diffusion zones 
24 both from the top and from the bottom, so as 
to rapidly reach the above-mentioned "RESURF" 
depletion effect. The zones 25 themselves in the 
operating condition are depleted at least for the 
greater part already at comparatively low reverse 
voltage between the islands 3A, B and the sub- 
strate 11, They may also be useful to prevent that 
interconnections on the oxide in the proximity of 
the insulating zones 24 reduce the breakdown 
voitage between the island and said zones 24. The 
zones 25 may be manufactured in the same 
process step as the zones 6. The zones 14 and 21, 
if desired, may also be formed simultaneously, as 
well as the zones 4, 5 and 23. The epitaxial island 
3B may be considered to belong to the drain 
region of the lateral DMOST. 

Ths field effect transistor structure according to 
the invention is also very suitable for being 
manufactured in a process in which bipolar tran- 
sistors are also formed. As an example, fig. 5 is a 
cross-sectional view of a part of an integrated 
circuit in which a p-channel fieid effect transistor 
of the type shown in fig. 3, in this case again 
considered to be symmetrical with respect to the 
drain electrode 5, is present in the first island- 
shaped part 3A of the epitaxial layer 3, and that a 
bipolar transistor Is provided in an adjacent 
second island-shaped part 3B. Corresponding 
parts of the field effect transistors are referred to 
by the same reference numerals in figs. 1 fo 5. In 
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this example the bipolar trar.sistor is a vertical 
npn-transistor having an «-type emitter zone 30 
and a p-type base zone 31, the collector zone of 
which transistor is formed by the island 3B and 
the n-type buried layer 32 which is contacted at 
the surface via a diffused n-typa connection zone 
33. If desired, the emitter zone 30 may be forrnsd 
simultaneously with the zones 14 and the base 
zone 31 may be formed simultaneoijsly with the 
zones 4 and 5. 

Of particuSar importance is the field effect tran- 
sistor structure according to the invention in 
apphcatiOPS ir' wi'>n,h both the source and the 
drain electrode are at a high voltage, for example 
mora than 200 Volts with respect to the substrate 
11. This is the case, for example when the field 
effect transistor is connected as a source follower 
(fig. 6A) or as a current source (fig. 6B). In Figs. 6A 
and 66 the reference numerals correspond to 
those of Figs, 1 to 5. In these cases, punch- 
through of the substrate n to the source zone 4 is 
avoided inter alia by the comparatively high 
resistivity' of the substrate Ipreferabiy 30-50 
Ohm.cm). 

iviany other comoi'-Qii^ns 3 e possible and the 
exampiss given here only sen/e for purposes of 
Illustration. As regards the choice of the conduc- 
tivity type, resistivity and thickness of the various 
layers and zones, as v./eii as the geometry (lay- 
out) of the semiconductor device in accordance 
with the invention, those skiiisd in the art may 
choose the best combinations from many 
possibilities, dependent upon the use for illus- 
tration, finally, a detailed example of a readily 
operating field effect transistor structure in 
accordance with the invention will be described 
with reference to figs. 7 and 8. 

Hg. 7 is a diagrammatic plan view and fig. 8 is a 
diagrammatic cross-sectional view tal<en on the 
line Vlli-VIII of a field effect transistor structure in 
accordance with the invention having a U-shaped 
geometry, in this example She field plate 10 is 
connected to the gate electrode 8. The device Is of 
the type shown in Fig. 3. The substrate 11 is of p- 
type silicon having a resistivity of 30 Ohm.cm. 
The /7-type epitaxial layer 3 has a resistivity of 
approximately 4 Ohm. cm and a thickness of 
approximately 15 pm. The buried n-type layer 12 
has a spacing of approximately 10 pm to the 
surface 2. The surface zone 6 has a thickness of 
approximately 2 \im and an overall doping of 1.8 x 
10" atoms per cm^; this zone is preferably made 
by ion Implantation, Oihewise the semiconduc- 
tor devices shown in figs. 1 to 5, 7 and 3 can all be 
manufactured by means of different methods 
usual in semiconductor technoiogy. 

The field effect transistor shown in figs. 7 and 8 
uses two-sided depletion of the epitaxial layer 3 
and can operate at drain voltages up to 250 Volts 
and higher. As a result of the comparatively low 
doping concentration of the substrate 11 no 
punch-through occurs, not even at a high sub- 
strate voltage (source-follower application) since 
the depletion zone of the p.'7-junction 17- can 
penetrate comparatSveiy far into the substrate. 



The field plats 10 is present on an oxide layer 13 
with only one step; in order to reach an even 
better phased pinching of the surface zone 6 the 

number of steps may be increased at will, 
s The invention is not limited to the examples 
described. For example, the conductivity types 
mentioned in the examples may ail be replaced 
simultaneously by their opposite ones. The 
materials for the conductive and insulating layers 
to may also be replaced by other ones, while as a 
semiconductor material other semiconductor 
materials, for example germanium or AjuBy com- 
pounds, for example gallium arsenide, may be 
used instead of silicon. 

15 

Claims 

1. A semiconductor device having a semicon- 
ductor body comprising a surface-adjoining first 

zo region of a first conductivity type in which an 
Insulated gate fleid effect transistor Is provided, 
having highly doped source and drain zones of 
the second opposite conductivity type, a surface 
zone of the second conductivity type adjoining 

25 the drain zone and having a lower doping concen- 
tration than the drain zone, said surface zone 
extending in the direction of the source zone, a 
channel region of the first conductivity type 
present between said surface zone and the source 

30 zone, and a gate electrode present above the 
channel region and separated from the channel 
region by an electrically insulating layer, a field 
plate being provided between the source and 
drain zones and extending in the direction of the 

36 drain zone to above the said surface zone but not 
to above the drain zone and being insulated from 
the semiconductor surface, said field plate com- 
prising a connection conductor, characterized in 
that the first region is an epitaxial layer forming 

40 with a substrate of the second conductivity type a 
p-n junction which in operation is reverse biased, 
that a buried layer of the first conductivity type 
having a higher doping concentration than the 
epitaxial layer is provided betv/een said epitaxial 

<5 layer and the substrate and below at least the 
channel region and a part of the surface zone, said 
buried layer not extending below the drain zone, 
and that the field plate extends above the surface 
zone on insulating layer parJs of a thickness 

50 increasing the direction of the drain zone, as a 
result of which In the direction of the drain zone 
successive parts of the surface zone are succes- 
sively pinched off when the drain voltage 
increases. 

55 2. A semiconductor device as claimed in Claim 
1, characterized in that the epitaxial layer has such 
a small doping concentration and thickness that 
at least in the vicinity of the drain rone it is 
depleted throughout its thickness at a drain volt- 

so age which is lower than the drain brealcdown 
voltage. 

3. A semiconductor device as claimed in Claim 
1 or 2, characterized In that the field plate is 
laterally spaced from the drain zone. 
S5 4. A semiconductor device as claimed in any of 
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the preceding Claims, characterized In that the 
field plate is electrically connected to the source 
electrode. 

5. A semiconductor device as claimsd in any of 
the Claims 1 to 3, characterized in that the field 
plate is connected electrically to the gate elec- 
trode. 

6. A semiconductor device as cSairrsed In any of 
the preceding Claims, characterized in that the 
thickness of the insulating layer on which the field 
plate is present increases stepwwise in the direc- 
tion of the drain zone. 

7. A semiconductor device as claimed in any of 
the preceding Claims, characterized in that the 
highly doped drain zone is embedded in a part of 
the said surface zone. 

8. A semiconductor device as claimed in any of 
the preceding Claims, characterized in that the 
source zone Is electrically connected to the 
epitaxial layer. 

9. A seiniconductor device as clafmed in any of 
the preceding Claims, characterized in that the 
doping concentration of the said surface zone 
increases in the direction of the drain zone. 

10. A ssmiconductor device as ciainned in any of 
the preceding Claims, char3cteri7ed in that the 
drain electr.^de extends in tho direciion of the 
source zone to above the surface zone. 

11. A semiconductor device as claim an of the 
preceding Claims, characterized in that the insu- 
lated gate field effect transistor is present in a first 
island-shaped part of the epitaxial layer and that 
In an adjacent second island-shaped part of the 
epitaxial layer a second field effect transistor 
which is complementary to the first field effect 
transistor is provided, the epitaxial layer belong- 
ing to the drain region of said second field effect 
transistor. 

12. A semiconductor device as claimed in any of 
the preceding Claims, characterized in that the 
insulated gate field effect transistor Is present in a 
first island-shaped part of the eprtaxiai layer and 
that in an adjacent further island-shaped part of 
the epitaxiai layer a bipolar transistor is provided, 
the epitaxial layer forming an active zone of said 
bipolar transistor, 

Patentaiisprijche 

1. HalbleiJeranardnung mit einem HalWeiter- 
korper, der ein an die Oberfiache grenzendes 
erstes Gebiet von einem ersten Laitfahigkeitstyp 
anthait, in dem ein Feldeffeifttransistor mit isoiier- 
tem Stsuereleirtrode und bochdotierten Quellen- 
und Abzugszonen vom zwsitan entgegengesetz- 
ten Leitfahigkeitstyp vorgesehen 1st, der eine 
Oberfiachanzone vom zwehen Leitfahigkeitstyp 
snthait, die an die Abzugszone grenzt, eine niedri- 
gere Dotierungskonzentratlon als die Abzugszone 
hat und sich in der Richtung der Quellenzone 
erstreckt, der ein Kanalgebiet vom ersten Leitfa- 
higkeitstyp zwischen der OberflSchenzone und 
der Quellenzone enthalt und der eine Steuerelek- 
trode (iber dem Kanalgebiet enth&it, die durch 
eine elektrisch isolierende Schicht vom Kanaige- 



biet getrennt ist, wobei zwischen der Queilen- und 
der Abzugszone eine Feldplatte angeordnet ist, 
die sich in der Richtung der Abzugszone bis ber 

der Oberflachenzone, aber nicht bis uber der 

5 Abzugszone erstreckt, und dabei von der Halblei- 
terftache isoliert ist, wobei diese Feldplatte einen 
AnschluSieiter enthalt, dadurch gekennzelchnst. 
dafl das erste Gebiet eine Epitaxiaischicht ist, die 
mit einem Suissfrat vorri zv^eiter, Leitfahigkeitstyp 

10 einen p-n-Obergang bildet, der im Betrieb in 
Sperriohtung vorgsspannt ist, daB eine begra- 
bene Schicht vom ersten Leitfahigkeitstyp mit 
einer hoheren Dotierungskonzentration als die 
der Epitaxiaischicht rz/ischen diesem Epitaxial- 

is schicht und dem Substrat und dabei unter wenlg- 
stens dem Kanalgebiet und einem Teii der Ober- 
flachenzone angeordnet ist, wobei sich die begra- 
bene Schicht nicht bis unter der Abzugszone 
erstreck, und daU die Feldplatte sich uber der 

20 Oberflachenzone auf Teilen der isolierenden 
Schicht mft sinsr Dicke erstreckt, die in Richtung 
dsr Abzugszone grSBer wird, wodurch in Rich- 
tung der Abzugszone aufeinanderfolgende Telle 
der Oberilschenzone bei ansteigender Abzugs- 

25 spannung einen nach dem anderen gedrosseit 
werden, 

2. Haibieiteranordnimg nach Anspruch 1, 
dadurch gekennzeichnet, dafS die Epitaxiaischicht 
eine so gsringe Ootierungskonzenfration und 

30 Dicke has, daB wenigstens in der i^ahe der 
Abzugszone diesa Schicht durch die ganze Dicke 
bei einer Abzugsspannung verarmt wird, die nied- 
riger als die Abzugsdurchschlagsspannung ist, 

3. Halbleiteranordnung nach Anspruch 1 Oder 2, 
36 dadurch gekennzeichnet, daB die Feldplatte In 

seltlicher Richtung im Abstand von der Abzugs- 
zone angeordnet ist. 

4. Halbleiteranordnung nach einem oder mehr- 
eren der vorangehenden AnsprOche, dadurch 

40 gekennzeichnet, daK die Feldplatte mit der Quel- 
leneiektrode elektrisch verbunden Ist. 

5. Halbleiteranordnung nach einem oder mehr- 
eren der Anspriichs 1 bis 3, dadurch gekennzeich- 
net daB die Feldplatte mit dsr Gate-Elektrode 

4S elektrisch verbunden ist. 

6. Haibisiteranordnung nach einem oder mehr- 
eren der vorangehenden Anspruche, dadurch 
gekennzeichnet da6 die Dicke der isolierenden 
Schicht, auf der die Feidpiatte sich befindet, in 

so Richtung der Abzugszone schrittweise groBer 
wird. 

7. Halbleiteranordnung nach einem oder mehr- 
eren der vorangehenden Ansp.'uche, dadurch 
geken.nzeichnet, dali die hochdotierte Abzugs- 

55 zone in einen Tell der OberflScbenzone eingebat- 
tet ist. 

8. Halbleiteranordnung nach einem oder mehr- 
eren der vorangehenden Anspruche, dadurch 
gekennzeichnet, daB die Quellenzone mit, der 

60 Epitaxiaischicht elektrisch verbunden ist. 

9. Halbleiteranordnung nach einem oder mehr- 
eren der vorangehenden Anspruche, dadurch 
gekennzeichnet. da6 die Dotierungskonzentration 
der Oberflachenzone sich in Richtung der Abzugs- 

Bs zone erhoht 
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10. Haibieiteranordnung nach einem Oder 
mehreren der vorangehenden AnsprOche, 
dadi-ifch cieketiiveichnet, daS dia Abzugselek- 
trods sich in Richtung der Queifenzone bis Qber 
der Oberf[§cher>zone erstreckt 

11. Haibieiteranordnung nach einem oder 
mehreren dgr vorangehenden Anspriiche 
dadurch geicennzeiohnet, daS der Feidaffekttran- 
sistor mit isoliertem Gate sich in elnem inseifor- 
migen Tell der Epitaxiaischiclit befindet, und daiJ 
in einem benachbarten inseifornisgen Teii der 
Epitaxialschicht ein zweiter Feideffekttrsnsistor 
angeordnet ist, der dem ersten Feideffekttransi- 
stor kompiementar Ist, wobel die Epitaxialschicht 
zum Abzugsgebiet des zweiten Feldeffeirttransi- 
stofs gehort. 

12. Haibieiteranordnung nach einem oder 
mehreren der vorangehenden Anspruche, 
dadurch gekennzeichnet, daB der Feldeffekttran- 
sisior mit isoliertem Gate sich in einem srsten 
inselformigen Tail der Epitaxialschicht befindet, 
■und daS in einem benachbarten weiteren inseifor- 
migen Teil der Epitaxialschicht ein bipolarer Tran- 
sistor .angeordnet ist, wobel die Epitaxialschicht 
eine sktive Zone des bipolaren Transistors bildet, 

Revendicatiorss 



1. Dispositif semiconducteur comportant un 
corps semiconducteur prssentant une premiere 
region adjacsnte a une surface d'un premier type 
de conductivite dans laquelle est realise un trans- 
istor h effet de champ h porte isoiee, presentant 
des zones de source et de drain fortement dopies 
du second type de conductivity oppos6, une zone 
superficielie du second type de conductivite adja- 
cente a la zone de drain et presentant une concen- 
tration de dopage plus faibie que oelle de la zone 
de drain, iadite zone superficielie s'efendant dans 
la direction de ia zone de source, une region ds 
canal du premier type de conductivite presente 
entre Iadite zone superficielie et ia zone de source, 
et une eisotrode de porte presente au-dessus de 
la region de canai et s^par^e de la region de canal 
par une couche eiectriquement fsolante, une pla- 
que de champ etant disposee entre ies zones de 
source et de drain et s'^tendant dans ia direction 
de la zone de drain jusqu'au-dessus ds iadite zone 
superficielie mais non au-dessus de ia zone ds 
drain et 6tant isoiee de la surface semiconduc- 
trice, Iadite plaque de champ presentant un 
conducteur de connexion, caracteris^ en ce que ia 
premiere region est une couche epitaxlale for- 
mant avec un substrat du second type de conduc- 
tivity une jonction pn. qui est polarisee en inverse 
dans I'etat de fonctionnement, en ce qu'une 
couche entenia du premier type de conductivity 
presentant une concentration de dopage plus 
elevee que la couche Epitaxlale est disposee entre 
Iadite couche epitaxiale et le substrat el au- 
dessous d'au moins ia region de canai et une 
partie de !a zone superficielie, Iadite couche enter- 
ree ne s'etendani pas au-dessous de la zone de 
drain, et en ce que la plaque de champ s'6tend 



audessus de la zone superficielie sur ies parties 
de couche isolante d'uno epaisssur qui augmente 
dans la direction de la zone de drain de sorte que 
dans ia direction de la zone de drain, ies parties 
s successives de ia zone superficielie sont successi- 
vement pinches lorsque la tension de drain aug- 
ments. 

2. Dispositif semsconducteurselon !a revendica- 
tion 1, caracierise en ce que la couche epitaxiale 

70 prssente une concentration de dopage et une 
epalsseur suffisamment faibies pour qu'au moins 
a proximiie de ia zone de drain, eile soit appauvrie 
sur toute son epaisseur dans is cas d'une tension 
de drain inferieure a Is tension de ciaquage de 

IS drain. 

3. Dispositif semiconducteur selon ia revendica- 
tion 1 ou 2, caract6rlse en ce que la plaque de 
champ est espacEe lat^ralement de la zone de 
drain. 

20 4. Dispositif semiconducteur selon I'une des 
revendications pr^cidentes, caracteris§ en ce que 
la plaque de champ est connectee electriquement 
d l'6iectrode de source. 

5. Dispositif semiconducteur selon I'une des 
25 revendications 1 i 3, caracterisE en ce que la 

plaque de champ est connectee Electriquement d 
I'Electrode de porte. 

6. Dispositif semiconducteur selon I'une des 
revendications precsdentes, caracteris^ en cs que 

so i'Epaisseur de ia couche isolante sur laqueile est 
prEsente ia plaque de champ augmente par par- 
ties dans la direction de la zone de drain. 

7. Dispositif semiconducteur selon I'uns des 
revendications prEcedentes, caractarisE en ce que 

35 la zone de drain fortement dopee est noyEe dans 
une partie de Iadite zone superficielie. 

8. Dispositif semiconducteur selon I'une des 
revendications prEcEdentes, caract6ris§ en ce que 
la zone de source est connectee li ia couche 

40 epitaxiale. 

9. Dlspisitif semiconducteur selon I'une des 
revendications precsdentes, caracterise en cs que 
ia concentration de dopage de iadite zone superfi- 
cielie augmente dans ia direction de la zone de 

4S drain. 

10. Dispositif semiconducteur selon I'une des 
revendications precedentes, caractErisi en ce que 
I'eiectrode de drain s'Etend dans la direction de la 
zone de source jusqu'au-dessus de la zone super- 

50 ficielie. 

11. Dispositif semiconducteur seSon I'une des 
revendications precedentes, carac!6ris6 en ce que 
ie transistor a effet de champ h porte Isoiee est 
present dans une premiere partie en forrrte d'ilot 

65 de la couche 6pitaxlais et en ce que dans une 
deuxieme partie en forme d'iiot adjacente de ia 
couche epitaxiale est present un second transistor 
h effet da champ qui est complemeniaire au 
premier transistor a effet de champ, la couche 

60 Epitaxiale appartenant h la rEgion de drain dudit 
second transistor a effet de champ. 

12. Dispositif semiconducteur selon I'une des 
revendications precedentes, caracterise en ce que 
ie transistor a effet de champ a porte isoiee est 

S5 present dans une premiere partie en forme d'ilot 
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de la couche 6pitaxiale et en ce que dans une couche epitaxiale formant une zone active dudit 

autre parti'e en forme dtlot adjacente de la couche . transistor bipoiaire. 

epitaxiale est realise un transistir bipoiaire, la 
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